The prevalence of diabetes is steadily increasing in China. When diabetes is uncontrolled, it generates dire consequences for health and well-being. Numerous studies have shown that health outcomes were associated with social support and medication adherence. Previous study confirmed that social support was associated with medication adherence in patients with heart failure, HIV diseases, and first-episode psychosis. However, the relationship between social support and medication adherence in patients with type 2 diabetes mellitus (T2DM) is remains unclear. This study aims to examine whether social support is associated with medication adherence in patients with T2DM. This study was conducted in the First Affiliated Hospital of the General Hospital of the People's Liberation Army (PLA). In Beijing, a systematic random sample of 412 patients with T2DM over 18 years was recruited at baseline, and demographic characteristics, clinical data and their assessment of social support were collected from medical records and self-reported questionnaires. 330 of these patients completed a self-report measure of medication adherence at the sixth month after baseline data collection. Regression analysis showed that social support presented a positive effect on medication adherence, additionally, support utilization and the subscale of social support exhibited a significantly strong influence on medication adherence in patients with T2DM. Although medication adherence was influenced by multiple factors, this finding confirmed that social support must be recognized as a core element in interventions aimed at improving in the management of patients with T2DM.
Introduction
The prevalence of diabetes is steadily increasing in China. According to a World Health Organization (WHO) report, almost of 10% of all adults in China-about 110 million people-currently live with diabetes [1] . Studies on diabetes in China reported that diabetes patients tend to have inadequate glycemic control [2] ; only 41.1% of patients with type 2 diabetes mellitus (T2DM) were found to have glycated hemoglobin (HbA1c) < 7.0% (<53 mmol/mol) [3] . Previous study showed that positive health outcomes in diabetes patients were positively associated with good medication adherence [4] [5] [6] [7] . Numerous studies on interventions to improve self-management of patients with T2DM have been carried out [8] [9] [10] ; however, the interventions to medication adherence still need further optimization in the future [11, 12] . Social support refers to a patient's perceived and received support from his or her social network, such as familial relations, friends, neighbors, colleagues, fellow patients, or even pen friends and internet contacts to reduce psychological stress response, relieve mental stress, and improve social adaptability [13] [14] [15] . According to Xiao's social support theory [15] [16] [17] , the social support scale is composed of three dimensions: (1) subjective support, including the emotional experience and satisfaction of individuals being respected, supported and understood in society; (2) objective support, referring to the direct material assistance from social networks, or participation in communities; (3) support utilization, mainly referring to whether that individual accesses and receives the various support methods and attempts to seek support from family, relatives, friends, colleagues, and larger communities [15] [16] [17] [18] . Previous studies demonstrated that social support was an important factor in illness recovery through the mediating mechanism of medication adherence [19] [20] [21] [22] [23] . An early study also showed that social support was associated with treatment adherence in heart failure patients through self-efficacy [24] . Another recent study in China showed that social support was a key element in the glycemic control through the work of adherence [18] . Assistance and support from families, friends, and other individuals have been connected with promoting patients' adherence by encouraging optimism and self-esteem, buffering the stresses of being ill, reducing patient depression, and improving sick-role behavior [23, 25] . Comparatively, a recent study revealed the role of social support in patients with T2DM in exploring the relationship between depressive symptoms and medication non-adherence [26] . A direct relationship between social support and medication adherence was found in patients with HIV, which pointed out that social support was particularly important because patients with HIV were easily stigmatized [27] . An earlier study explored the relationship between social support and treatment adherence in patients with non-insulin dependent diabetes mellitus in Mexico [28] , which emphasized that the adherence to diet and medication were strongly associated with social support. Furthermore, some researchers studied the relationship between the different types of social support and medication adherence [29] . However, these studies did not directly examine the relationship between social support and medication adherence in patients with T2DM. Moreover, the study was not performed in China.
This study aimed to examine the relationship between social support and medication adherence in patients with T2DM. Theoretically, social support from family, friends and other social networks was expected to enhance medication adherence; that is, better social support perceived or received by a patient with T2DM and better medication adherence. Therefore, we hypothesize that social support is positively associated with medication adherence in this study.
Methods

Participants
This study was conducted at the department of endocrinology at First Affiliated Hospital of the General Hospital of the People's Liberation Army (PLA) in China. The sample procedures were showed in our recently published articles [30] . All participants over 18 years who were diagnosed with T2DM according to the diagnostic criteria of the 10th revision of the International Classification of Diseases (ICD-10) [31] were selected from their medication records. Those having a history of psychiatric illness and those taking anti-depressant treatment and/or using psychotropic drugs were excluded from this study. Eventually, 331 participants completed the follow-up investigation and accepted the medication adherence questionnaire at the sixth month after baseline data collection. All patients were approached by their diabetologist when they came into hospital for re-examination. The variable information at baseline and six months later in this study has been described in our previous articles [30, 32] . Specifically, the demographic and socioeconomic factors, clinical characteristics and social support rate scale (SSRS) information were collected at baseline. Meanwhile, medication adherence information was also gathered six months later.
Ethics Statement
This study was approved by the Ethics Committee of School of Social Development and Public Policy at Beijing Normal University (BNUSSDPP2012B-0006) and the Ethics Committee of the First Affiliated Hospital of the General Hospital of PLA. All patients provided the written informed consent, and all personal information was kept confidential and reporting was made anonymous.
Measurements
Demographic Information
All patients' demographic information and socioeconomic factors were collected from the questionnaire at the investigation, which included age, gender, education level, marriage status, employment status, and insurance type.
Clinical Characteristics
The variables including the duration of T2DM, diabetes complication, and body mass index (BMI) were gathered at baseline.
Social Support
Social support of patients was evaluated by using the 14-item social support rate scale (SSRS), which measures objective support (i.e., actual support or material direct support, etc.), subjective support (i.e., experience or emotional support, being respected, understood or/and satisfied), and support utilization (i.e., accept help and seek help from others). It was developed by Xiao Shuiyuan in 1986, and was validated in a previous study [33] . The Cronbach's alpha of the SSRS scale was 0.74 in this study.
Medication Adherence
The Chinese version of the Morisky Medication Adherence Scale (MMAS-8-CN), which has been translated and cross-culturally adapted by W. Jie [34] was used to assess the medication adherence of patients with T2DM in this study [35] ; the Cronbach's alpha based on standardized items was 0.84 [32] .
Statistical Analysis
In order to examine the relationship between social support and medication adherence after controlling the demographic and clinical variables, the flowing analytical strategies were employed. Firstly, descriptive statistics was used to present the basic characteristic of sample. Secondly, regression analysis was used to test the association between social support and the medication adherence of patients with T2DM. All the data were analyzed by using stata (16.0SE, StataCorp., College Station, TX, USA), and p value of <0.05 was considered statistically significant.
Result
Demographic Characteristic
As shown in Table 1 , the mean age of the 331 participants (158 female) was 57.23 (SD = 11.43). Among of them, 241 participants demonstrated low medication adherence. For all respondents, 74.02% were married or living with their partner, and 25.98% were single (unmarried, divorced or widowed). In addition, elementary education level (≤6) applied to 11.18%, middle and high school level (6-12 years) was 36.86%, college graduate or above accounted for 51.96%. As for employment status, 58.48% were retired subjects, the highest ratio of the all subjects; employment and unemployment were at 36.36% and 5.15%, respectively. Meanwhile, participants with high medication adherence scores had higher medical reimbursement rates than those in the low scores group. The difference in basic information between the respondents and non-respondents was also compared in our previous study [32] ; there were no significant differences between male and female, although the ages of the respondents were less than the non-respondents.
Clinical Characteristics
For this sample, more than half of the participants experienced 6-15 years duration of diabetes, 41.39% experienced less than 6 years, and 7.85% experienced more than 15 years. In addition, nearly 81% suffered from diabetes complications; the top three of the complications were cardiovascular diseases, hypertension, and abnormal blood lipid, respectively. The average number of complication for each subjects was 2.18 (SD = 1.78). The subjects with more diabetes complication were more likely to exhibit low medication adherence (t = −4.50, p = 0.000). (Table 1 ) was employed to examine whether a significant difference existed in variables between the two medication adherence groups. The results showed that a significant difference in term of social support scores existed between the low medication adherence group and high medication adherence group (t = −2.11, p = 0.036).
Furthermore, multiple linear regression models (Table 2) were used to explore the association between social support and medication adherence. In the first step, we found that gender, age, education level, marriage status and employment status did not account for a significant amount of medication adherence; the total adj-R 2 was 0.09. In the second step, the variables of insurance and clinical characteristics were introduced into the multiple linear regression model, which were combined to explain another 9% of the variance. Comparatively, social support in the third step showed a significant difference, which presented a predictor of medication adherence (β = 0.08, p = 0.003); this explained another 2% of variance, independently. Lastly, in order to examine the role of each subscale of social support, three subscales were also separately entered into the models. Although the adj-R 2 of the full model remains unchanged, the subscale of support utilization presented a significant association on medication adherence (β = 0.29, p = 0.011), rather than another two subscales of subjective (β = −0.02, p = 0.80) and objective support (β = −0.04, p = 0.33). Table 2 . Hierarchical multiple linear regression predicting medical adherence.
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Discussion
To the best of our knowledge, this may be the first study to examine the relationship between social support and medication adherence in patients with T2DM. In this study, we examined the correlation between social support and medication adherence in patients with T2DM. The primary finding of this study confirmed the hypothesis that social support significantly influenced the medication adherence after controlling for the other variables, which is similar to the result of previous study in patients with HIV [27] .
Just as in the previous studies [36] [37] [38] [39] , social support presented a positive effect on medication adherence, as well as in anxiety and depressive symptoms in various disease treatment. The study conducted in Mexico on non-insulin dependent diabetes mellitus revealed that social support acted as the main determinant of compliance with treatment [40] . Another study also found that higher scores of social support resulted in high adherence to insulin administration in women with gestational diabetes [41] . Similarly, the studies conducted by other researchers on the relationship between social support and medication adherence in patients with HIV also obtained consistent results [42] [43] [44] . Nearly all of them confirmed a positive association between social support and medication adherence. Additionally, Jean M. Breny Bontempi employed a qualitative study to explore the importance of social support in HIV medication adherence programs, namely the patients with HIV need more social support because HIV therapy was very complex [44] . A similar study, conducted in A South Africa, also showed that social support played a critical role in adherence to therapy for those discriminatory patients with HIV [41] . Of course, there are different opinions. An earlier study revealed that the effect of social support on medication adherence did not persist over time, and that the changes of social support may result in adherence alteration [45] .
Examining the effect of social support on medication adherence in patients with T2DM was a main contribution of this study. The mechanism of this association still needs to be further explored. Previous studies have also obtained some results; for example, a study of HIV-infected men revealed that social support influenced medication adherence indirectly, while current anxious and depressive symptoms mediated the relationship between general social support and recent self-reported medication adherence in HIV-infected population of MSM (sex with men) [46] . Similarly, another study also found that the relationship between social support and adherence was mediated by negative effects, spirituality, and self-efficacy [47] . Furthermore, an early study indicated that the characteristics of social support played a role in the relationship between social support and medication adherence [27] . Therefore, questions about whether mediating variables exist between social support and medication adherence in patients with T2DM were especially important and should be further explored in the future.
It is well known that medication adherence is crucial to patients with T2DM in the controlling of blood glucose. Higher rates of medication adherence can reduce the risk of known complications [42] . It is also easily to understand that medication adherence, as self-management, can significantly influence glycemic control. Poor medication adherence would result in bad glycemic control of the blood glucose level. There were also several factors, identified by previous studies, which influenced the medication adherence of patients with diabetes, such as multiple medicine taking, social and economic-related factors, and therapy-related factors [40] .
Perceived and received social support is becoming important in the management of patients with T2DM; for one thing, it was related to the progress of a variety of diabetes complications [32, 41, 48, 49] . Several studies suggested that individuals with more supportive families or friends recovered faster than those who were less socially integrated [43, 44] . Lack of social support resulted in maladaptive responses to diabetes, further weakening the fighting spirit of diabetes patients. Additionally, social support was always related to subjective well-being [45, 50] ; once patients perceived and received social support from outsiders, they feel they are concerned about, accepted, and appreciated and cared for by other individuals, and their subjective well-being will be quickly increased; they would therefore take a positive attitude to their chronic diseases. Generally speaking, social support comes from siblings, partners and confidantes who influence health-related decision-making [27] ; patients who gain their support will feel psychologic comfort and deal with health problems in a positive way. Besides this, social support may bring material assistance to individuals sometimes. The cost of disease treatment is very high, and getting support from other individuals may help in relieving patients' financial burdens, and further improve patient's medication adherence.
There are different opinions about the categorization of social support in previous studies. For example, some researchers categorized social support as emotional support, practical support, behavioral support and so on [29, 51] . Different categorizations may generate different result in the statistical analysis. In this study, we found that support utilization was identified as a determined factor in three dimensions; this means that utilization from social support determined whether individuals had actual contact with other persons and social groups. There were also different findings; several previous studies showed that perception of social support was more important than utilization [41, 52, 53] . However, Isao Fukunishi, with other researchers, suggested that utilization is equally important as perception [38] . If patients accepted support from other individuals or groups, such as respect, understanding and support, they would be boosted a positive mood, as well as model desired actions by providing information and examples, which may affect self-efficacy beliefs [54] , and in turn influence their medication adherence. Only when individuals received support from others and then transferred them into activities could they adhere to medication. Likewise, seeking help from others can relieve the harmful influence of negative feelings on the process of diabetes treatment. Altogether, in order to improve the management of patients with T2DM, variable social support, as an environmental factor, and its effect on medication adherence and health outcomes should be worthy of further study.
Limitations
Some limitations should be recognized here. Firstly, the sample size was small and the sample was collected from a general hospital, the results may not fully be extrapolated to the whole population with T2DM. Future studies should include a large sample size so that the complex dynamics between social support and medication adherence could be examined. Secondly, the study relied on self-reported measurement of social support and medication adherence, which might result in the self-reported bias. Further study should be conducted to investigate the relationship between social support and objective medication adherence.
Conclusions
To our knowledge, this may be the first study to explore the relationship between social support and medication adherence in patients with T2DM in China. The findings indicated that social support acts as a crucial part in improving medication adherence in diabetes patients. This means that patients with T2DM need to open their minds by gaining help from friends, relatives and other organizations. In the treatment process, family members play a major role, which requires them to establish a supportive environment and amend supportive behavior in improving patients' medication adherence, such as reminding patients to take medicine on time, supervising a healthy diabetic diet, etc. The study also found that utilization support is the core element in medication adherence in patients with T2DM. That is to say, actively accepting and seeking help from outside may maximize the treatment outcome and relieve the negative effects of disease, such as depression, anxiety and other mental illness. These findings may help patients with T2DM to improve the self-management of disease under the help of other individuals and groups. Likewise, these findings contributed to a growing body of further studies on the relationship between social support and medication adherence.
